Fifty-three specimens in which the primary diagnosis in life was coaretation of the aorta were examined; only nine had a mitral valve of normal size and configuration. Ten specimens had a normally formed valve mechanism which was small in comparison to both tricuspid valve and left ventricle. Three other specimens had a normally formed but small valve which exhibited a short free margin of the anterior leaflet. The remaining 31 specimens demonstrated various anomalies which included some forms of parachute mitral valve. The spectrum of malformations may be divided into three basic types: some showed fused or closely apposed chordae tendineae, due to nondevelopment of the intervening space; in others the space between the papillary muscles and the ventricular wall was underdeveloped, which prevented the papillary muscles from moving independently of the ventricular wall. The third type was found in a case of parachute mitral valve, where the chordae tendineae were attached solely to the anterolateral papillary muscle, and the posteromedial papillary muscle was inserted directly into the valve, near the annulus. Although the spectrum of congenital anomalies reported here does not include all forms of mitral stenosis, it does indicate that mitral valve disease probably occurs more frequently in coarctation of the aorta than previously was recognized.
A LMOST WITHOUT EXCEPTION, previous
clinical and pathological reports of coarctation of the aorta'-" have not recognized a close association of the anomaly with mitral valve disease.
Becker et al. '6 reported the connection, under the headings of parachute mitral valve, mitral atresia, supravalvular stenosing ring, and hypoplasia of left ventricle and mitral valve. Missing in the various case reports and clinical studies7-25 is an anatomic and pathologic study of a group of specimens with coarctation of the aorta which attempts to identify formes frustes of parachute mitral valve, report on their incidence, and comment on pathogenesis.
The present report is based on a study of 53 heart specimens in which the primary diagnosis in life was coarctation of the aorta with normally related great vessels. The results are surprising because they indicate a much higher incidence of mitral valve in-volvement than was previously noted, and they demonstrate a spectrum of anomalies from the hypoplastic but otherwise normal mitral valve to severe mitral stenosis.
Material and Methods
Specimens of coaretation of the aorta from the pathological collections of the Hospital for Sick Children, London, and the Johns Hopkins Hospital, Baltimore, were reviewed. Specimens were selected whose outflow tracts were basically normal (thus transposition of the great vessels, double outlet right ventricle and biventricular origin of the pulmonary trunk were eliminated). Problems in interpretation of mitral valve abnormalities possibly secondarily induced by the associated lesions were avoided by eliminating specimens with left ventricular outflow tract obstruction, endocardial fibroelastosis with dilation of left ventricle and possible extension of the fibroelastotic process onto the mitral valve apparatus, and endocardial cushion defect. The 53 remaining specimens had normally related great vessels and normally related and appropriately sized ventricles. All patients had died of heart disease or had succumbed following resection of the coarctation and ligation of a patent ductus arteriosus.
The mitral valves were considered normal if their anatomy was similar to that of the mitral valves in 15 normal hearts obtained from patients of ages comparable to those reported in this study (newborn to four years of age [table 1]), which met the following criteria. [26] [27] [28] [29] [30] .
.q "-. and in a nine-month old infant with a coarctation considered to be at the site of the ductus. Tubular hypoplasia of the aorta occurred in 23 of the 53 specimens, and in all cases was associated with preductal or ductal coarctation of the aorta.
Resection of coaretation and cause of death Death in 33 cases was related to resection of the coarctation (table 1) . Although clinical records do not confirm it, in 12 of the remaining 20 cases death may have l)een related to heart failure exacerbated by the mitral valve lesion; in 10 cases the space between or behind the papillary muscles was underdeveloped. In the other two cases the space both between and behind the papillary muscles was involved. In three of the cases (none of them infants) mitral stenosis had been diagnosed prior to death. In each case this was based upon clinical findings.
Abnormal muscle bands extending from papillary musculature to septal or free ventricular wall In 10 specimens muscle bands extended from the anterolateral or posteromedial papillary muscle to the free wall of the left ventricle, or to the septum. These bands differed from those seen in normal hearts,29 because they were directed from the papillary muscle upward or vertically toward the annulus of the valve. In normal hearts such bands extend horizontally or are slanted toxvard the apex, and are a normal part of the anchoriing base for each papillary muscle. Examinati(on of the specimens did not reveal whether the embryonic cutshion material in this region persisted as muiscle instead of differentiating into chordae tendineae, or whether the muscle bands represent a forme fruste of underdevelopment of the space between the papillary muscles and the ventricular wall.
Discussion
The mitral valve is formed in the embryo from the erndocardial cushions that line the left side of the atrioventricular orifice33 34 ' The mitral leaflets resemble the canopy of a parachute. The chordae, its shrouds and string, and the papillary muscle, its harness. The chordae were often short and thick; this, coupled with their convergent papillary insertion, allowed little mobility of the leaflets. The effect was to create a stenotic mitral valve, since the leaflets were held in close apposition. The only effective communication between the left atrium and the left ventricle was through the interchordal spaces. In the aggregate, then, these spaces did not allow free egress of blood from the left atrium. over one year of age. If they are the result of systolic or diastolic turbulence at the stenotic mitral orifice,21 38 then early resection of coarctation of the aorta in infancy may be desirable in all symptomatic cases.
